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At the present time the relative costs of the county unit plan
and the city plan are not directly comparable, because the intensity
of service differs, as do many of the individual problems encount-
ered. In a few counties or districts where really adequate health
programs have been attempted, however, the general principles of
health administration previously outlined have been found to apply,
and the need of approximately equivalent appropriations for a well
rounded health service program is recognized.
Americans are accustomed to emphasize the importance of na-
tional wealth, but always in terms of real property, machinery, and
of manufactured products. We quite forget that human life ex-
ceeds in value all such goods by a very large margin and that human
capital is the nation's greatest asset. Our problem is to organize
forces to teach the principles of healthy living and to apply our
knowledge of public health for the conservation of human wealth
and national strength. The motto of the New York State Depart-
ment of Health is "Public Health is Purchasable. Within natural
limitations a community may determine its own death rate."
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The response of a tissue to a break in its continuity of structure
is first, circulatory, and second, organizing. The blood from sev-
ered vessels fills the wound and, by the agglutination of platelets,
strands of fibrin are formed which enmesh the red blood cells and
the whole contracts into a clot. This clot is a protection from the
invasion of extraneous material from without and by its contraction
it cements together the gaping edges. In the blood vessels adjacent
to the injury, the flow of the stream is accelerated and exudation
follows as the capillary beds widen. The white blood cells by dia-
pedesis migrate through the walls of the capillaries as the stream is
again retarded and invade the meshes of the clot and the edges of
the wound. Here they phagocytize and destroy with the aid of
enzymatic reaction not only extraneous material but the clot itself.
From the Department of Surgery, Yale University School of Medicine.YALE JOURNAL OF BIOLOGY AND MEDICINE
This extraneous material, detrimental to the healing processes, may
be bacteria, traumatized and necrotic tissue, or any substance foreign
to the wound and resulting from the method of its production, its
character, and the circumstances pertaining to its infliction. It is
obvious that the circulatory reaction is in direct proportion to the
amount and nature of this extraneous material and its availability to
the action of the phagocytes and the enzymes. Concomitant with
the end and continuing after the completion of this circulatory reac-
tion is the period of organization. Existing capillaries sprout new
capillary buds which invade the clot along with fibroblastic tissue.
These fibroblasts multiply and extend along the strands of fibrin.
The entire clot is replaced by this mass of granulating and fibrous
tissues, and as the fibrous tissue matures it squeezes out these newly
formed capillaries and leaves a hard white scar firmly uniting the
wound edges as it contracts. When these responses to injury are at
a minimum the wound is said to have healed by first intention, and
it is the accomplishment of this minimum that is the goal of surgi-
cal procedures.
Any scientific treatment of the wound must be based on these
responses to injury. Modern treatment conceives of two great sub-
divisions, (i) chemical and medicinal and (2) mechanical.
Chemical and medicinal methods aim at (I) the destruction of
bacteria by antiseptics, (2) the enhancing of the circulatory reaction
by irritative and stimulative applications, and (3) the use of reagents
that will hasten fibroplasia. Every conceivable substance, from the
excreta of the animal organism to highly synthesized chemicals, has
had its vogue as an antiseptic. Some 6,ooo in all have been advo-
cated. Fascinating colors, the ability to penetrate the tissue, par-
ticular properties of the solvents, and surface tension have all been
championed. There are, however, disadvantages to all antiseptics,
for they derive their power chiefly as protein coagulants and this
power is not selective for the protein of the bacteria. To be effec-
tive an antiseptic must be in contact with the bacteria for a certain
length of time. The power of the antiseptic in vitro is not that of
the antiseptic in vivo. For in the latter state the presence of tissue
proteins, of blood protein, and the location of the bacteria in the in-
terstices of the tissue and clot exhaust the coagulating power of the
antiseptic, and it does not come into contact with the bacteria which
it is to destroy. The most serious drawback to the antiseptic is that
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it has no effect on foreign material which is not protein in nature and
that it coagulates traumatized tissue already present and therefore
increases the amount of necrotic material in the wound. This is par-
ticularly true of antiseptics in solvents other than water. Antisep-
tics have only a surface value and are useful in cleansing the skin and
superficial abrasions. Applications which enhance the circulatory
reaction are largely irritative and by this irritation produce a warmth
which is comforting and bring an increased blood supply to the part.
The action is usually damaging to the superficial skin, is not lasting,
and many times the agent employed consists of basic materials which
are good media for bacterial growth or are detrimental to the tissue
responses because of the incompatibility of their chemical nature.
It has never been demonstrated that petroleum bases or organic fats
stimulate wound healing. The reagents employed for the hasten-
ing of fibroplasia are largely empirical and their worth has yet to be
tested by scientific methods. Chemical and medicinal agents for
the treatment of wounds are largely proprietary and their availabil-
ity frequently favors that impulse in human nature to "do some-
thing" in those cases where the reaction of the tissues alone is suffi-
cient to bring about a cure.
Mechanical treatment consists of irrigation, debridement, proper
approximation, and drainage. The wound is irrigated with a large
volume of sterile isotonic saline, a harmless reagent, and all surface
bacteria and loose foreign material are washed away. By sharp
dissection (debridement) traumatized and necrotic material contain-
ing embedded bacteria is cut away, and along the edge of the wound
there remains only a minimum of damaged cells injured by the sharp
scalpel. The wound is again irrigated. The tissue, with the ex-
ception of the skin, should be approximated in the proper way with
absorbable catgut. Only the cut edges should be opposed. The
tissues should not be under too much tension nor should they be
strangulated by a tight tying of the catgut. Catgut itself is a dead
foreign protein, collagen, a good bacterial medium, and only enough
of it, of the finest strands possible, should be used to secure proper
apposition. The construction of the repair of the wound should
be such that tissue everywhere should be in apposition, i.e. there
should be no separation between layers (dead space). Such cavities
permit of a collection of blood, pus, and serum within which the
agents of tissue defense-phagocytes, enzymes, etc.-cannot without
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difficulty penetrate from the tissue to the center of the mass. How-
ever, such poolings can be prevented by the use of tension sutures
that will not allow the layers to separate, by application of a pressure
bandage, or by the insertion of a drain into such a space to syphon
off the collected or collecting fluids. Tissue fluids following the
course of a drain is another method of irrigation.
For enhancing the circulation, the application of intermittent
heat, dry or moist, is an effective, less expensive agent than any
chemical, and is comforting and one of the finest remedial agents
for the localization of infection. So, too, intermittent cold can be
used for the diminution of temperature over early bacterial nidi to
lower the temperature to a degree unfavorable for growth, and some
infections can be aborted. Passive hyperemia or anemia of a part
can be brought about by the principle of Bier's tourniquet or eleva-
tion or depression, especially if an extremity is concerned. Massage,
light therapy, and passive motion are helpful mechanical adjuncts.
Last and most important, the greatest mechanical treatment is rest.
The rate of healing deserves serious consideration. Histologi-
cal study; the appearance of the wound, and the return of function
have been used as guides. Clinical experience has shown that infec-
tion, the presence of traumatized or necrotic tissue, large collections
of blood, improper construction in the repair of the wound, and in
fact any factors which extend the tissue responses beyond a minimum
prolong the rate of healing. Surgical procedures leading to asepsis,
hemostasis, and restoration of continuity by mechanical means are
effective in increasing the rate of healing and decreasing the time in-
volved. Antiseptics and medicinal reagents are helpful, but are
overindulged.
What is the time relation of the circulation and organizing reac-
tion in healing by first intention, and can this be used as a guide for
treatment? Because of biological variations these are not fixed
times, but they can be estimated both histologically and by tensile
strength. The period of circulatory reaction continues from 4 to 6
days after the inception of the wound, the period of fibroplasia from
the 5th to the i2th. These relations hold true for skin, muscle,
fascia, and intestine, and the curve of healing is in general the same
for all tissues. For the first period, the tissue has practically no ten-
sile strength, but as the period of organization starts the wound in-
creases rapidly in strength until it reaches a maximum in from the
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ioth to the I3th day. This maximum, of course, is the maximum
of a tissue at rest, not hypertrophied to the stress and strain of func-
tion. This is quite in accord with clinical experience and serves as
a guide for treatment. From it, one can reasonably state (i) that
wounds of first intention are completely healed in about IO to 14
days; (2) that any catgut-a good commercial catgut that will ex-
ceed this period, e.g. 20-day chromic of small size-will have
sufficient strength to hold the wound together until it is healed; (3)
that non-absorbable sutures, such as skin silk or tension sutures, can
be removed any time after the 7th day, depending on the discretion
of the operator, as they have ceased to fulfill a function.
The after-care of the wound in which every precaution has been
taken at the time of its repair to establish healing by first intention
is almost negligible. It requires simply the removal of the drain,
the cleansing of the skin surface with an antiseptic, the removal of
the skin sutures, and an occasional inspection.
Many fads and personal indulgences have been tried and are
still being tried in the treatment of wounds, but only those agencies
which aid the response of the tissues have been in any way beneficial.
83